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The Effects of Pregabalin on Cerebral Cortical
Oxidative Stress of Rats on Pentylenetetrazole
Induced Epileptic Seizure
Sıçanlarda Pentilentetrazol ile Oluşturulan Epileptik Nöbet Modelinde
Pregabalinin Beyin Korteksinde Oksidatif Stres Üzerine Etkileri
Ahmet TÜFEKÇİ,1 Hasan Rifat KOYUNCUOĞLU,2 
Serkan KIRBAŞ,1 H. Ramazan YILMAZ,3 Aynur KIRBAŞ4
Summary
Objectives: In this experimental model of epileptic seizure induced by pentylenetetrazole (PTZ), we aimed to investigate the effect of pregaba-
lin, (PGB), (Lyrica(R)) in the brain cortex tissues and on superoxide dismutase (SOD) and catalase (CAT) activities as well as nitric oxide (NO) and 
malondialdehyde (MDA) levels, which are indicators of oxidative stress.
Methods: Forty male Wistar rats were randomly divided into four equal groups. The first group was used as a control group. The second group 
received a single dose administration of PTZ. Third and fourth groups were given, via gastric gavage, doses of 100 mg/kg body weight/day of 
PGB, divided into two, for two days. Seizure is obtained by applying intraperitoneally (ip) 50 mg/kg body weight of PTZ to groups II and IV. After 
one hour of PTZ administration, all rats were sacrificed and brain cortex tissues were taken. SOD and CAT activities and NO and MDA levels were 
studied in the brain cortex tissues.
Results: MDA levels and SOD activity of the PGB and PGB+PTZ groups were significantly lower than the control group ( p=0.005, p=0.001 
and p=0.005, p=0.004, respectively), and NO level of the PGB and PGB+PTZ groups were significantly higher than the control group (p=0.001, 
p=0.001, respectively). CAT levels between the groups were similar.
Conclusion: Our study results indicate that PGB prevents oxidative stress and increases NO levels in the rat brain cortical tissues during epileptic 
seizure. Increased NO may contribute to PGB’s antiepileptic effect.
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Özet
Amaç: Pentilentetrazol (PTZ) ile epileptik nöbet oluşturulan bu deneysel modelde, beyin korteksinde, oksidatif stresin göstergeleri olan sü-
peroksit dismutaz (SOD), katalaz (CAT) aktiviteleri, nitrikoksit (NO) ve malondialdehit (MDA) düzeyleri üzerine pregabalinin (PGB) etkilerini 
araştırmayı amaçladık.
Gereç ve Yöntem: Wistar cinsi 40 adet erkek sıçan rastgele 4 eşit gruba ayrıldı. İlk grup kontrol grubu olarak kullanıldı ve tek doz PTZ uygulanan 
grup, ikinci grup olarak kabul edildi. Üçüncü ve dördüncü gruba 100 mg/kg vücut ağırlığı/gün PGB ikiye bölünmüş dozlarda intragastrik yolla 
iki gün verildi. Grup II ve grup IV’e intraperitoneal (i.p.) (50 mg/kg vücut ağırlığı) PTZ uygulanarak nöbet oluşturuldu. PTZ uygulamasından bir 
saat sonra tüm sıçanlar sakrifiye edildi ve beyin korteksleri alındı. Beyin korteks dokularında SOD ve CAT aktiviteleri ile NO ve MDA düzeyleri 
çalışıldı.
Bulgular: PGB ve PGB+PTZ gruplarında MDA düzeyi ve SOD aktivitesi, kontrol grubundan istatistiksel olarak daha düşük saptandı (sırasıyla 
p=0.005, p=0.001 ve p=0.005, p=0.004). PGB ve PGB+PTZ gruplarının NO düzeyi, kontrol grubundan istatistiksel olarak daha yüksekti (sırasıyla 
p=0.001, p=0.001). Gruplar arasındaki CAT düzeyleri benzerdi.
Sonuç: Çalışmamızın sonuçları, PGB’nin oksidatif stresi önlediğini ve epileptik nöbet sırasında sıçan beyin korteks dokularında NO düzeylerini 
arttırdığını göstermiştir. Artmış olan NO düzeyinin PGB’in antiepileptik etkisine katkı sağladığını düşünmekteyiz.
Anahtar sözcükler: Epilepsi; oksidatif stres; pregabalin; pentilenetetrazol.
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EXPERIMENTAL STUDY / DENEYSEL ÇALIŞMAIntroduction
Epilepsy, which is the third most common chronic brain dis-
order, is a neurological disorder affecting approximately 8 
out of 1000 people. The pathophysiology of epilepsy, how-
ever, has remained elusive in many aspects. Consequently, 
adequate seizure control is still lacking in approximately 
one third of patients.[1] The etiology of neuronal death is 
triggered by a seizure under the influence many factors. 
These include genetic factors, intracellular electrolyte 
metabolism disorders leading to increased glutamatergic 
cell toxicity, mitochondrial dysfunction, oxidative stress, 
reduced growth factor, and increased cytokine concentra-
tion.[1-4] Experimental and clinical studies have suggested 
that free radicals may be involved in the pathogenesis 
of epilepsy. Oxidative stress is known to occur following 
acute seizure activity but its contributions during epilep-
togenesis are largely unknown.[1] Formation of oxidative 
stress in the central nervous system has been shown in sev-
eral animal models of epilepsy such as penicillin, kainate, 
pilocarpine, and pentylenetetrazol models.[5-8] A number of 
experimental studies have reported that neuroprotective 
and antioxidant activity of some antiepileptic drugs inhibit 
free oxygen radicals.[9-11] New generation antiepileptic 
drugs (AEDs) have been developed with improved safety/
tolerability profiles.[12] Pregabalin (PGB), an AED, is specific 
modulator of the alpha2delta subunit of voltage-depen-
dent calcium channels and inhibits presynaptic excitatory 
neurotransmitter release via this modulation.[13]
In this study, we aimed to explore the effects of PGB on 
superoxide dismutase (SOD) and catalase (CAT) activities 
and nitric oxide (NO) and malondialdehyde (MDA) levels 
in the rats’ brain cortex whith experimentally created epi-
leptic seizures.
Materials and Methods
Animals and treatment
Forty male Wistar albino rats (aged 8-12 weeks), weighing 
200 to 250 g, were obtained from Laboratory Animal Pro-
duction Unit of Suleyman Demirel University and were 
used in the experiment. All procedures and tests were car-
ried out on the rats in accordance with “Animal Welfare Act 
and the Guide for the Care and Use of Laboratory Animals 
prepared by the Suleyman Demirel University, Animal Et-
hical Committee.” Rats were placed in a room controlled 
at a temperature of 21±2 ºC and a humidity of 60±5% in 
which a 12 h/12 h light/dark cycle was maintained for 1 
week before the start of the experiment. A commercially 
balanced diet (Hasyem Ltd., Isparta, Turkey) and tap water 
were provided ad libitum.
Rats were divided randomly into four experimental groups 
as following:
Group 1: Control group (n=10); distilled water was admin-
istered to the rats five times by gavage way at a dosage of 
2.0 mg/kg at 12-hour intervals. One hour after the last dos-
age, physiological saline (PS) was administered intraperito-
neally (ip) at a dosage of 2.0 mg/kg.
Group 2: Pentylenetetrazole (PTZ) group (n=10); distilled 
water was administered to the rats five times by gavage 
way at a dosage of 2.0 mg/kg at 12-hour intervals. One 
hour after the last dosage, PTZ (diluted with PS, 2.0 mg/kg) 
was given intraperitoneally at a dosage of 50.0 mg/kg, thus 
an epileptic seizure group was obtained.[14]
Group 3: Pregabalin (PGB) group (n=10); PGB (Lyrica, Pfiz-
er, diluted with distilled water, 2 mg/kg) was administered 
to the rats five times by gavage way at a dosage of 50.0 
mg/kg at 12-hour intervals. Pregabalin was taken from 
pharmacy. One hour after the last dosage, PS was adminis-
tered intraperitoneally at a dosage of 2.0 mg/kg.
Group 4: Pentylenetetrazole-Pregabalin (PTZ-PGB) group 
(n=10); PGB (Lyrica, Pfizer, diluted with distilled water, 2 
mg/kg) was administered to the rats five times by gavage 
way at a dosage of 50.0 mg/kg at 12-hour intervals. One 
hour after the last dosage, PTZ (diluted with PS, 2.0 mg/kg) 
was given intraperitoneally at a dosage of 50.0 mg/kg, thus 
an epileptic seizure group was obtained.[15]
Anesthesia and tissue samples 
Rats were stopped feeding one night before the procedure, 
and one hour after the administration of PTZ and PS, keta-
min hydrochloride (ketamine HCl, 90 mg/kg) and xylazine 
(10 mg/kg) were administrated intraperitoneally. Then, all 
rats were sacrificed and brain cortex tissues were taken. 
Cortical brain samples were stored in deep freezer at -20 ºC.
Biochemical procedure
The frozen tissue samples of the brain cortex were thawed, 
weighed, and homogenized (Ultra Turrax T25, Germany) (2 
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MDA-TBA complex (absorbance coefficient ε= 1.56×105 
cm-1 M-1) and is expressed as nanomoles per gram wet tis-
sue (nmol/g wet tissue).
The protein content of the brain cortex tissue was deter-
mined using the Lowry method.[20]
Statistical analysis
Comparison of groups was calculated by using Kruskal-
Wallis test. For subgroup analysis, Mann-Whitney U-test 
was used. The data was presented as median (minimum-
maximum) and the significance level in the analysis was 
determined as p<0.05. SPSS 15.0 (Chicago, IL) was used in 
statistical analysis.
Results 
In this study, the measured SOD and CAT activities and MDA 
and NO levels in the rat brain cortex as shown in Table 1.
MDA levels of the PTZ group were significantly (p=0.034) 
higher than the control group (Fig. 1a). Whereas, SOD and 
NO levels demonstrated no difference between the groups 
(p=0.096 and p=0.405, respectively) (Fig. 1b, c).
MDA level and SOD activity of the PGB group were de-
termined to be significantly lower than the control group 
(p=0.005 and p=0.005, respectively) (Fig. 1a, b). NO levels 
of the PGB group were significantly (p=0.001) higher than 
the control (Fig. 1c).
MDA level and SOD activity of the PGB+PTZ group, were 
significantly lower than the control group (p=0.001, 
p=0.004, respectively), and it’s NO levels were significantly 
(p=0.001) higher than the PTZ group (Fig. 1a-c). 
NO levels of the PGB+PTZ group were significantly 
(p=0.003) higher than the PGB group (Fig. 1c). No differ-
ences were determined between the groups regarding 
MDA and SOD activities (p=0.059 and p=0.762, respec-
tively) (Fig. 1a, b). CAT activities between the groups were 
detected as being similar (p=0.880) (Fig. 1d).
Discussion
This is the first study that explores whether PGB and oxida-
tive stress may be related to the model of epileptic seizure 
in the brain cortex.
ml Tris-HCl buffer), in 50 mM Tris-HCl buffer (pH: 7.5) keep-
ing in ice bath. MDA and NO levels were measured from 
the homogenates. Then, homogenates were centrifuged 
in +4 °C cold-centrifuge at 5000 cycle/minutes for 30 min-
utes, and supernatants were obtained. 
SOD activity determination
Total SOD activity was determined according to the meth-
od of Sun et al.[16] The principle of this method is based 
briefly on the inhibition of nitrobluetetrazolium (NBT) re-
duction by the xanthine/xanthine oxidase system as a su-
peroxide generator. One unit of SOD was defined as the 
enzyme amount causing 50% inhibition in the NBT reduc-
tion rate. Activity was expressed units per milligram pro-
tein (U/mg protein).
CAT determination
Catalase activity was measured according to the method 
of Aebi.[17] The principle of the essay is based on the de-
termination of the rate constant k (dimension: s-1, k) of hy-
drogen peroxide decomposition. By measuring the absor-
bance change per minute, the constant rate of the enzyme 
was determined (k/g protein).
NO determination
Nitric oxide measurement is very difficult in biological 
specimens, because it is easily oxidized to nitrite (NO2) and 
subsequently to nitrate (NO3
-) which serve as index param-
eters of NO production. The method for essay of brain cor-
tex nitrite and nitrate levels was based on the Griess reac-
tion.[18] Samples were initially deproteinized with Somogyi 
reagent. Total nitrite (NO2
-+NO3
-) was measured by spec-
trophotometry (Shimadzu, UV-Pharmaspec 1700, Japan) at 
545 nm after conversion of NO2- to NO3
- by copperized cad-
mium (Cd) granules. A standard curve was established by 
a set of serial dilutions (10-2 - 10-3 mol/L) of sodium nitrite. 
Results were expressed as micromole per gram wet tissue 
(µmol/g wet tissue).
MDA determination
MDA levels, an indicator of free radical generation which 
increases because of the lipid peroxidation, were estimat-
ed using the Draper and Hadley double heating method.
[19] The principle of the method is the spectrophotometric 
measurement of the color generated by the reaction of 
thiobarbituric acid (TBA) with MDA. The concentration of 
MDA was calculated by the absorbance coefficient of the 10
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MDA, one of the productions of the lipid peroxidation, has 
been detected at higher levels in the PTZ groups than the 
control group. This result is in accordance with the litera-
ture findings.[9,11,14,15,21,22]
However, the results concerning antioxidant enzyme ac-
tivities are somewhat conflicting. Discrepancies can be ex-
plained by methodological differences, or elevated enzyme 
activities may be reduced because of oxidative stress. For 
example, Ilhan et al.[15,23] argues that SOD activities do not 
change in a rat’s brain with experimentally-induced seizure 
with PTZ. Obay et al.[14] have showed that SOD and CAT ac-
tivities have decreased in a rat’s brain with epileptic seizure 
models that were induced by PTZ. Freitas et al.[24] determined 
that with SOD and CAT activities no changes occurred in the 
rats’ hippocampus when an epileptic seizure had been in-
duced by pilocarpine. In this study, it was shown that SOD 
and CAT activities were similar between the control group 
and the PTZ groups.
The relationship between epilepsy and NO is not clearly 
understood. De Luca et al.,[25] Kaputlu, and Uzbay[26] have 
discussed that if NO production was inhibited, seizures 
could not occur. In contrast, some authors have suggested 
that endogenous NO could prevent seizures.[27] This dis-
crepancy suggests that the relationship between epilepsy 
and NO is complex.
NO may contribute to the neuronal excitability by affecting 
other neurotransmitter systems (e.g. dopamine, GABA, and 
the other excitatory amino acids). NO may exert procon-
vulsive or neurotoxic effects by increasing glutamate, and 
may produce anticonvulsive or neuroprotective influences 
by supplying GABA to the tissues.[28] Noh et al.[29] reported 
that the ketogenic diet was effective in experimental nitric 
oxide synthase (NOS) to knock out the mouse’s hippocam-
pus and as an antiepileptic via the releasing of the endog-
enous NO levels to increase the expression of NOS. Stimu-
lation of the NMDA receptors causes NO production. NO 
can regulate NMDA receptors because inhibitory feedback 
Groups
SOD
(U/mg protein)
CAT (k/g protein)
MDA
(nmol/g wet tissue)
NO
(µmol/g wet tissue)
Group1 
Control 
Median
(minimum-
maximum)
(n=10)
0.05
(0.02-0.06)
0.03
(0.01-0.06)
57.74
(53.45-63.17)
0.70
(0.58-0.86)
Group 2
PTZ
Median
(minimum-
maximum)
(n=10)
0.05
 (0.04-0.05)
0.04
 (0.03-0.09)
61.51
(57.03-71.87)
0.80
 (0.54-0.99)
Group 3 
PGB 
Median
(minimum-
maximum)
(n=10)
0.04
 (0.03-0.05)
0.04
 (0.00-0.08)
52.81
(45.40-55.88)
0.98
 (0.88-1.10)
Group 4 
PTZ+PGB
Median
(minimum-
maximum) 
(n=10)
0.04
 (0.03-0.04)        
0.04
 (0.01-0.07)
47.95
 (43.32-54.73)
1.12
 (1.03-1.48)
<0.001
0.880
<0.001
<0.001
p values 
between 
the groups
1-2 0.096
1-3 0.005
1-4 0.004
2-3 0.003
2-4 0.001
3-4 0.762
1-2 0.034
1-3 0.005
1-4 0.001
2-3 0.001
2-4 0.001
3-4 0.059
1-2 0.405
1-3 0.001
1-4 0.001
2-3 0.001
2-4 0.001
3-4 0.003
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affects the sulfhydril group located on the redox modu-
lator domain. So, NMDA receptor activities decrease and 
the neurons are saved from overstimulation.[27,30] Ferraro et 
al.[28] showed that decreasing NO levels affected the stimu-
lation of the NMDA receptors and increased the excitatory 
neurotransmission in the brain cortex and hippocampus.
Some recent reports showed a relation between GABA and 
NO. High NO levels potentially affect the releasing of the 
GABA, and increases the postsynaptic GABA-dependent 
chloride flows in GABA-A receptors. In contrast, low NO 
concentrations may affect GABAergic transmission as an 
inhibitory effect.[31]
A decrease in NO amounts is followed by a corresponding 
decrease in the GABA levels via an increase in the GABA 
transaminase activity.[32] Naziroglu et al.[21] showed no dif-
ferences in the NO levels in the brain cortex of rats when 
seizures were induced with PTZ. Ilhan et al.[15,23] in two stud-
ies documented an increase in NO levels in the brain cortex 
of rats that had seizures induced with PTZ. In this study, it 
was observed that there is no difference in the rat brain 
cortex NO levels between the PTZ and control groups. 
However, MDA and SOD activities measured were lower 
in the PGB and PGB+PTZ groups than in both control and 
PTZ groups with statistically significance. As well, NO levels 
were detected as increased in PGB and PGB+PTZ groups 
compared with the control and PTZ groups. Decreases in 
MDA levels showed that PGB prevents oxidative stress, but 
in groups with PGB, oxidative stress does not occur while 
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Fig. 1.  (a) The values malondialdehyde of cerebral cortex. (b) The superoxide dismutase activity of cerebral cortex. (c) The nitrous 
oxide levels of cerebral cortex. (d) The catalase activities of cerebral cortex.
(a)
(c)
(b)
(d)NO levels are increasing. The question is: does NO contrib-
ute to the PGB’s antiepileptic effect?
The decrease in MDA levels showed that it prevents per-
oxynitrite, a reactive form of NO, which is one of the free 
radicals. The increased NO levels can affect the anticonvul-
sive or neuroprotective effect instead of the neurotoxic or 
proconvulsive effect.
PGB affects the normalization of the hyperexcited neu-
rons, and its effects are more pronounced on hiperexcited 
neurons than on non-excited neurons.[13,33] MDA levels of 
the PGB and PGB+PTZ groups were lower than the con-
trol group, and NO levels of the PGB and PGB+PTZ groups 
were higher than the control group, statistically. The de-
crease in MDA levels and the increase in NO levels were 
most marked in the PGB+PTZ group (as shown in Table 1). 
This result shows that PGB is more effective in the seizure 
group as compared to the non-excited group regarding 
the prevention of oxidative stress. The antioxidant effect of 
PGB is more pronounced on the hyperexcited neurons and 
concomitant with the increase of the NO levels; this occur-
rence leads to the question of whether NO may contribute 
to the PGB’s antiepileptic effect. Sharpe et al.[34] showed 
that NO prevents the organic elements from the oxidation 
of Fenton and Haber-Weiss reactions in live brain tissues. 
The increase of NO levels in groups with PGB may affect 
freeing of oxygen radicals for scavenging and its contribu-
tion as an antioxidant effector. Thus, the substrates of the 
antioxidant enzymes such as SOD and CAT are decreased 
and so their activities may be decreased. Therefore, in this 
study, an increase in the NO levels and a concomitant de-
crease of the SOD activities detected in groups with PGB 
may be an important result. Furthermore, it has strength-
ened the idea that PGB may stimulate NO production and 
contributes to the neuroprotective effect. We concluded 
that an increase of the NO levels caused by PGB has con-
tributed to PGB’s antiepileptic effect. However, this rela-
tionship should be questioned by further studies using the 
NOS inhibitors.
 
If we look at AEDs treatment and the relationship with 
oxidative stress in clinical or experimental studies, it is 
hard to conclude whether some AEDs may decrease or in-
crease oxidative stress. Some studies suggest that in the 
old-generation AEDs, oxidative stress may occur; however, 
new-generation AEDs may not cause oxidative stress, and 
may even prevent it. Our results support this conclusion. 
For example, Pavone et al.[35] demonstrated that gabapen-
tine, lamotrigine, tiagabine, and levetiracetam were not 
different from the control group on the MDA levels and 
production of the free oxygen radicals, whereas, in primary 
rat astrocytes cultures, carbamazepine, topiramate, and 
oxcarbazepine had significantly higher MDA levels and the 
production of the free oxygen radicals than in the control 
group. Also, tiagabine and levetiracetam had no effect on 
the increase of NO levels; however, the rest of the AEDs 
were affected by an increase in the NO levels as dose-de-
pendent. Naziroglu et al.[21] showed that topiramate had no 
significant effect on MDA and NO levels in rat brain cortex. 
Bashkatova et al.[11] reported that PTZ-induced MDA and 
NO levels have decreased with phenobarbitale, lamotrig-
ine, phenazepam, meksidol, and α-tocopherol treatment.
Conclusions
This study indicates that PGB may prevent oxidative stress 
during the epileptic seizure in the rat brain cortex. PGB is 
one of the new-generation AEDs, and is frequently used 
in treatment of epilepsy and central or peripheral neuro-
pathic pain. Its relationship with oxidative stress needs to 
be supported by further clinical or experimental studies. 
Acknowledgement
This study was supported by Suleyman Demirel Univer-
sity, Scientific Research Fund 1779-TU-09. The authors are 
grateful to Suleyman Demirel University, Scientific Re-
search Fund. 
References
1.  Li G, Bauer S, Nowak M, Norwood B, Tackenberg B, Rosenow F, 
Knake S, et al. Cytokines and epilepsy. Seizure 2011;20(3):249-
56. 
2.  Agarwal NB, Jain S, Agarwal NK, Mediratta PK, Sharma KK. Mod-
ulation of pentylenetetrazole-induced kindling and oxidative 
stress by curcumin in mice. Phytomedicine 2011;18(8-9):756-9. 
3.  Waldbaum S, Liang LP, Patel M. Persistent impairment of mito-
chondrial and tissue redox status during lithium-pilocarpine-
induced epileptogenesis. J Neurochem 2010;115(5):1172-82. 
4.  Grosso S, Longini M, Rodriguez A, Proietti F, Piccini B, Balestri P, 
et al. Oxidative stress in children affected by epileptic encepha-
lopathies. J Neurol Sci 2011;300(1-2):103-6. 
5.  Ayyildiz M, Coskun S, Yildirim M, Agar E. The effects of ascorbic 
12
Epilepsi 2013;19(1):7-14acid on penicillin-induced epileptiform activity in rats. Epilep-
sia 2007;48(7):1388-95.
6.  Bruce AJ, Baudry M. Oxygen free radicals in rat limbic struc-
tures after kainate-induced seizures. Free Radic Biol Med 
1995;18(6):993-1002.
7.  Santos LF, Freitas RL, Xavier SM, Saldanha GB, Freitas RM. Neu-
roprotective actions of vitamin C related to decreased lipid 
peroxidation and increased catalase activity in adult rats after 
pilocarpine-induced seizures. Pharmacol Biochem Behav 2008 
Mar;89(1):1-5. 
8.  Eraković V, Zupan G, Varljen J, Simonić A. Pentylenetetrazol-
induced seizures and kindling: changes in free fatty acids, su-
peroxide dismutase, and glutathione peroxidase activity. Neu-
rochem Int 2003;42(2):173-8.
9.  Kutluhan S, Naziroğlu M, Celik O, Yilmaz M. Effects of selenium 
and topiramate on lipid peroxidation and antioxidant vitamin 
levels in blood of pentylentetrazol-induced epileptic rats. Biol 
Trace Elem Res 2009;129(1-3):181-9. 
10.  Willmore LJ. Antiepileptic drugs and neuroprotection: current 
status and future roles. Epilepsy Behav 2005;7 Suppl 3:S25-8. 
11.  Bashkatova V, Narkevich V, Vitskova G, Vanin A. The influence of 
anticonvulsant and antioxidant drugs on nitric oxide level and 
lipid peroxidation in the rat brain during penthylenetetrazole-
induced epileptiform model seizures. Prog Neuropsychophar-
macol Biol Psychiatry 2003;27(3):487-92.
12. Schulze-Bonhage A. Epilepsies and their medical treatment. 
[Article in German] Med Monatsschr Pharm 2010;33(6):207-16. 
[Abstract]
13.  Bockbrader HN, Wesche D, Miller R, Chapel S, Janiczek N, Burg-
er P. A comparison of the pharmacokinetics and pharmaco-
dynamics of pregabalin and gabapentin. Clin Pharmacokinet 
2010;49(10):661-9. 
14.  Obay BD, Taşdemir E, Tümer C, Bilgin H, Atmaca M. Dose de-
pendent effects of ghrelin on pentylenetetrazole-induced oxi-
dative stress in a rat seizure model. Peptides 2008;29(3):448-55.
15. Ilhan A, Iraz M, Gurel A, Armutcu F, Akyol O. Caffeic acid 
phenethyl ester exerts a neuroprotective effect on CNS against 
pentylenetetrazol-induced seizures in mice. Neurochem Res 
2004;29(12):2287-92.
16.  Sun Y, Oberley LW, Li Y. A simple method for clinical assay of 
superoxide dismutase. Clin Chem 1988;34(3):497-500.
17.  Aebi H. Catalase. In: Bergmeyer HU, editor. Methods of enzy-
matic analysis. New York and London: Academic Pres Inc; 1974. 
p. 673-7.
18.  Cortas NK, Wakid NW. Determination of inorganic nitrate in se-
rum and urine by a kinetic cadmium-reduction method. Clin 
Chem 1990;36(8 Pt 1):1440-3.
19.  Draper HH, Hadley M. Malondialdehyde determination as in-
dex of lipid peroxidation. Methods Enzymol 1990;186:421-31.
20. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol Chem 
1951;193(1):265-75.
21.  Naziroğlu M, Kutluhan S, Yilmaz M. Selenium and topiramate 
modulates brain microsomal oxidative stress values, Ca2+-
ATPase activity, and EEG records in pentylentetrazol-induced 
seizures in rats. J Membr Biol 2008;225(1-3):39-49. 
22. Devi PU, Manocha A, Vohora D. Seizures, antiepileptics, anti-
oxidants and oxidative stress: an insight for researchers. Expert 
Opin Pharmacother 2008;9(18):3169-77. 
23.  Ilhan A, Aladag MA, Kocer A, Boluk A, Gurel A, Armutcu F. Erdos-
teine ameliorates PTZ-induced oxidative stress in mice seizure 
model. Brain Res Bull 2005;65(6):495-9. 
24.  Freitas RM. The evaluation of effects of lipoic acid on the lipid 
peroxidation, nitrite formation and antioxidant enzymes in the 
hippocampus of rats after pilocarpine-induced seizures. Neu-
rosci Lett 2009;455(2):140-4. 
25.  De Luca G, Di Giorgio RM, Macaione S, Calpona PR, Di Paola ED, 
Costa N, et al. Amino acid levels in some brain areas of induc-
ible nitric oxide synthase knock out mouse (iNOS-/-) before 
and after pentylenetetrazole kindling. Pharmacol Biochem Be-
hav 2006;85(4):804-12.
26. Kaputlu I, Uzbay T. L-NAME inhibits pentylenetetrazole and 
strychnine-induced seizures in mice. Brain Res 1997;753(1):98-
101.
27.  Royes LF, Fighera MR, Furian AF, Oliveira MS, Fiorenza NG, Petry 
JC, et al. The role of nitric oxide on the convulsive behavior 
and oxidative stress induced by methylmalonate: an electro-
encephalographic and neurochemical study. Epilepsy Res 
2007;73(3):228-37. 
28.  Ferraro G, Montalbano ME, La Grutta V. Nitric oxide and glu-
tamate interaction in the control of cortical and hippocampal 
excitability. Epilepsia 1999;40(7):830-6.
29. Noh HS, Kim DW, Cho GJ, Choi WS, Kang SS. Increased ni-
tric oxide caused by the ketogenic diet reduces the onset 
time of kainic acid-induced seizures in ICR mice. Brain Res 
2006;1075(1):193-200. 
30.  Nagatomo I, Akasaki Y, Uchida M, Tominaga M, Hashiguchi W, 
Takigawa M. Effects of combined administration of zonisamide 
and valproic acid or phenytoin to nitric oxide production, 
monoamines and zonisamide concentrations in the brain of 
seizure-susceptible EL mice. Brain Res Bull 2000;53(2):211-8.
The Effects of Pregabalin on Cerebral Cortical Oxidative Stress of Rats in Pentylenetetrazole Induced Epileptic Seizure
1331.  Talarek S, Listos J, Fidecka S. Role of nitric oxide in the develop-
ment of tolerance to diazepam-induced motor impairment in 
mice. Pharmacol Rep 2008;60(4):475-82.
32.  Paul V, Jayakumar AR. A role of nitric oxide as an inhibitor of 
gamma-aminobutyric acid transaminase in rat brain. Brain Res 
Bull 2000;51(1):43-6.
33.  Kavoussi R. Pregabalin: From molecule to medicine. Eur Neuro-
psychopharmacol 2006;16 Suppl 2:S128-33. 
34.  Sharpe MA, Robb SJ, Clark JB. Nitric oxide and Fenton/Haber-
Weiss chemistry: nitric oxide is a potent antioxidant at physi-
ological concentrations. J Neurochem 2003;87(2):386-94.
35.  Pavone A, Cardile V. An in vitro study of new antiepileptic drugs 
and astrocytes. Epilepsia 2003;44 Suppl 10:34-9.
Epilepsi 2013;19(1):7-14
14